INTRODUCTION
Operations of Minkowski sum and Minkowski product are point set operations defined on subsets of the Euclidean space E n , which are based on well defined operations on vectors, namely sum and exterior wedge product of two vectors in the associated vector field V(E n ). Minkowski sum of two point sets has been introduced by Hermann Minkowski in 1903. Nowadays this set operation has been re-introduced in connection to finding geometric algorithms for description of specific geometric problems dealing with layout optimisation, planning trajectory of a robot rigid motion in the working space avoiding obstacles, in offsetting and dense packing, for determination of equidistant manifolds and for shape modelling and morphing purposes in computer graphics.
There exist more interpretations of Minkowski sum of two point sets, while the most common one is by means of vector sum of the position vectors of all points in the given sets. Let V(E n ) be the vector space associated to the Euclidean space E n with the Cartesian orthogonal coordinate system 〈0; e 1 , e 2 , …, e n 〉 defined by the direction unit vectors of the coordinate axes that are forming the orthonormal basis {e 1 The following four properties are satisfied for vector sum in the vector space V(E n ). 
Definition 2.
Minkowski sum of two different point sets A and B in E n is a point set in E n , whose points are sums of all points from set A with all points from set B, therefore it is point set
Definition of Minkowski product of two point sets A and B in the space E n can be precisely formulated by means of product of position vectors of the respective points in these sets. The concept of exterior, or wedge product of two vectors from n-dimensional vector space V n has been chosen for this definition. Exterior (wedge) product of vectors u, v ∈ V n is vector u ∧ v from the vector space W p of dimension 2 where vectors {e 1 Λ e 2 , e 1 Λ e 3 ,..., e 1 Λ e n , e 2 Λ e 3 , ..., e 2 Λ e n , ..., e n-1 Λ e n } form the orthonormal basis of the vector space W p . For n = 3 also p = 3 and we receive the standard cross (vector) product of two vectors in space V(E 3 ). Wedge product of vectors from V(E 4 ) is vector in the 6 dimensional vector space W 6 , while both vector spaces are orthogonal complements in space W 10 .
Properties of wedge vector product are as follows: For all u ∈ V n and real constants c 1 , c 2 holds: 
Set A k is a dilatation of set A by a non-zero scalar k ∈ R, while it can be geometrically interpreted as image of point set A in the scaling from the centre in the origin O with non-zero coefficient k. Minkowski linear combination of two point sets can be then regarded as a certain generalization of Minkowski sum, defined as Minkowski sum of scalar multiples of these two sets.
Definition 4. Minkowski linear sum combination of two point sets A and B in the space E n is a point set C in the same space E n determined as
Visualisation of Minkowski linear sum combinations of two planar curves are presented in Fig. 1 , while surface patches in Fig. 2 are linear sum combinations of curves in space. Set A M is a transformed set A under the linear transformation determined by regular square matrix M with real entries, which is the matrix of the system of equations that define the particular linear transformation. Minkowski matrix combination of two point sets A and B can be then regarded as another generalization of Minkowski sum, defined as Minkowski sum of matrix multiples of these two point sets by respective matrices M and N. Definition 6. Minkowski matrix sum combination of two point sets A and B in the space E n is a point set C in the same space E n determined as
where M and N are regular square matrices of type n × n with real entries.
Visualisation of Minkowski matrix sum combinations of the same two planar curves whose Minkowski linear sum combinations are in Fig. 1 are presented in Fig. 3 , while surface patches in Fig. 4 are Minkowski matrix sum combinations of curves in space presented in Fig. 2 . 
.
Minkowski product combination of two point sets A and B in the space E n can be defined, for arbitrary real coefficients k and l.
Definition 9. Minkowski linear product combination of two different point sets A and B in the space E n is the point set C in the space E p , p = n(n−1)/2, defined as Minkowski product of k-
Minkowski product of two equally parameterized curve segments is a curve segment. Example in Fig. 5 shows Minkowski product of parabolic arc and lemniscate of Bernoulli that are differently parameterized, compared to their Minkowski sum in Fig. 2, on 
According to the properties of the exterior product the geometric interpretation of Minkowski linear product and Minkowski matrix product combinations can be derived. It can be proved that the resulting set is an image of the Minkowski product of sets A and B respectively modified, i.e. either the original Minkowski product of sets A and B just scaled by the coefficient k.l, or image of Minkowski product of sets A and B transformed under the mapping determined by the product of matrices M and N, therefore set (A ⊗ B) M.N . Illustrations of Minkowski matrix product combinations are in Fig.6 , on the right.
CONCLUSIONS
Theory of Minkowski point set operations can be used for calculation of equidistant to a curve that is trajectory of a rigid body movement in plane or in space. Shape of equidistant curve can be analyzed with respect to possible singular points causing problems to moving body with respect to its dimensions and free space necessary for making turns. This can be a sufficient approach of determining necessary passage left for a robot of certain dimensions that is moving on a given trajectory in a working space with obstacles, as illustrated in Fig. 7 . 
